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ABSTRACT

Naval undersea missions and operations in the 1975-85 time frame
that require the use of MAN-IN-THE-SEA systems are delineated. The
MAN-IN-THE-SEA system is broadly cdefined in this study to include all
undersea systems requiring man's exposure to the ambient ocean pressure.
MAN-IN-THE-SEA missions and operations within the overall spectrum of
naval undersea missions and operations are isolated on the basis of
system investment and operating costs, It is démonstrated that MAN-
IN-THE-SEA has a definite role in accomplishing future naval undersea
missions and operations, MAN-IN-THE-SEA systems offer both functional
and cost advantages over alternative systemg in the performance of a
number of naval missions in the shallower depth regions (less than
150 feet). In depths greater than 150 feet, MAN-IN-THE-SEA systems
offer functional advantages at comparable costs to alternative systems

in the performance of some naval missions.
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PREFACE

This study of the naval application of MAN-IN-THE-SEA concejpts in
the 1975-85 time frame was sponsored by the Naval Analysis Programs
Group, Mr, J. R, Marvin, Director, in the Office of Naval Research,

Mr. B. L, Friedman was the ONR Project Scientific Officer. The funda-
mental objectives of the study were to identify the potential contribu-
tions of MAN-IN-THE-SEA capabilities to the accomplishment of naval
missions, The results of the study are to provide guidelines for the

structuring of a long range MAN-IN-THE-SEA research program,

The research effort was performed by the Naval Warfare Research

Center of Stanford Research Institute. Mr., A. Bien of NWRC was the

principal investigator. Mr. P, J. McDonough of the Santa Barbara

Analysis and Planning Corporation was the principal subcontractor.
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STUDY SUMMARY

NAVAL APPLICATIONS OF MAN-IN-THE-SEA CONCEPTS




BACi"GROUND

MAN-IN-THE-SEA concepts are defined broadly as those underwater
systems where man is exposed to the ambient pressure in thc ocean envi-
ronment. This approach contrasts with those underwater systems in which
man is protected fiom the ambient pressure by: (1) placing him in the
protective shell or a pressure vessel, or (2) locating him on the sea's

surface and having him remotely operate underwater equipments.

In recent years significant advances in the capabilities of MAN-
IN-THE--SEA concepts have beep realized. These advances, resulting prin-
cipally from the development of saturation diving techniques, are re-
flected in the extended depth and time man is able to venture into the
sea., The U.S. Navy, recognizing the possible military potentials offered
by man's increasing undersea capabilities, is supporting a MAN-IN-THE-
SEA program. This program is directed toward developing man's ability
to accomplish useful work down to the depth of the continental shelf and
determining man's ultimate depth-time limits in the ambient undersea

environment,

In light of the demonstrated and promising capabilities ol MAN-IN-
THE-SEA concepts and the recognized need for expanded rescarch and devel-
opment efforts to extcend man's ability to live and work under the sea,
the U.S. Navy must establish its long range goals and objectives for the
exploitation of these concepts. An analysis of tho potential contribu-
tions of MAN-IN-THE-SEA capabilities to th¢ accomplishment of naval
missions was needed to provide guidelines for the structuring of a long

range MAN-IN-THE-SEA program.




The primary objective of this re¢search effort, sponsored by the
Office of Naval Research, was to identify and establish how, where, when,
and why MAN-IN-THE-SEA concepts contribute to the accomplishment of naval

missions.
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STUDY RESULTS

Missions, Operations, and Tasks

A spectrum of naval undersea missions and operations was identified
through a comprehensive review of total naval requirements in support of
current and future national objectives. This type of review was con-
sidered a basic prerequisite for all naval supported, missior oriented
studies, The method used to identify raval undersea missions and opera-
tions was selected because it could provide requirement definitions that
are related to, and supported by, current naval research planning pro-
cedures. As a r.sult of this approach, a more complete and systematic
overview of naval undersea operational requirements was achieved than

was previously available.

Since the utility of a specific undersea system, or a combination
of systems, in accomplishing the undersea missions and operations is
dependent primarily upon the tasks associated with each mission and
operation, a critical step in the determination of the application of
the MAN-IN-THE-SEA concept is the identification of undersea tasks and

their association with missions and operations.

The defined naval undersea missions and operations, and the associated
generalized tasks, are shown in Table S-1. Supporting dats for the de-
fined naval undersea missions and operations are presented in a classified

addendum to this report.




Table S-1
NAVAL UNDERSEA MISSIONS, OPERATIONS, AND ASSOCIATED TASKS

Class | Cinss ] Cless Class
I 11 11 IV
Generalized g
Task S
Spectrum &
)
1]
o :a:§? o e gn.g'a 0 & ué‘érg
. b ':g.:é.ﬂ PEES - E-R - EE
Undersea Q =] 2 o0 amMumounx oA o R
Missions and § of,|¢ E — e g
A ES = = ~
Operations E § E E gg § E § ,.E’E §
) BRI B R ® o 2, fxy %
v |S|a(S]|E]&]R < a < &
Surveillance — ]
Landing beiich area x|x x|xlx
Enemy harbor xix x{x1x
U.S, harbor protection X|x X|x|Xx
Inshore USW xlx x| xix
USW all ranges & depths x|x xIx|x
Reconnaisssnce
Beach ares X X|X|X|X|X
Enemy harbor X XIX|xix|x
Mining environment X X|X|xX]1x]X
Mining
Mine hunting and countermessures X X|X Xi{X
Mine plants Il x[x 1
Disarm mine “ X X I
Interrogate mine fields X X|X I
Navigation Surveys
Recovery
Small object X X X|x
e Torpedoes X X x|x l
s Nuclear weapons X X x|x |
® Space hardware X X X|x I
Large object X X|XjXix|X X X X
Facility Iustsllations
Sonar srrsy (slign & repair) X|X{X|X]|X X X X
Botton mounted ULM x|x]x|x|x X 1 X |
Navigation markers X{x|{xix|x |
Cable laying & inspection x{xIx]x]|x X I
General construction X|X|xix|x X X X
Salvage
Ships X XIX[X]X|X}X X X X
Aircraft I x Ix|x|x[x]x]x X X X |
Repairs 1
In port (wet dcck) ﬂ X X X l
Underway ] X X X
Support
Oceanographic dsta X{XIXEX]X}X X X X
Sub rescue persunnel X X1 X X|X X X X
Undervater logiatics X XXX X X

Habitat Development

. Unde:'sea mission areas m Underses operations within the brosd miasion areas

eSupporting deta for undersess miasion snd operstions are presented in a classified addendum to
this report:
A, Bien and P.J, McDonough; “Addendus to Naval Applications of MAN-IN-THE-SEA COMCEPTS--

Misaton Definition (U)"; SRI Research Memorandum NWRC RM-50, Contract No. NOOO14-68-A-0243;
Stanford Resesrch Institute, Menlo Park, Cslifornia; December 1968 (SECRET)




Comparative Analysis Results

The procedure used for isolating MAN-IN-THE-SEA missions and opera-
tions within the spectrum of naval undersea missions and operations was:
(1) to compare the functional capabilities of MAN-IN-THE-SEA systems with
those systems that do not require man's exposure to the ambient ocean
environment (alternatives to the MAN-IN-THE-SEA systems), and (2) to
compare the costs of using MAN-IN-THE-SEA systems with the alternative
systems, Thus, the MAN-IN-THE-SEA system application study reported here
is unique in that the need for MAN-IN-THE-SEA concepts to accomplish
particular naval missions and operations was not an initial study

assumption,

The criteria used in defining the functional performance requirements
related to the undersea naval missions anu operations and the functional

performance capabilities of alternative undersea systems were:

¢ Depth capability

* Time capability

s Mobility capability

e Load carrying capability
¢ Maneuvering Capability

¢ Manipulative capability
* Sensory capability

* Cognitive skills

* Hardness

Covertness.

Table S-2 summarizes the functional comparison results and indicates
the performance areas where: (1) MAN-IN-THE-SEA systems possess unique
capabilities, (2) MAN=-IN-THE-SEA and alternative systems have comparable

capabilities, and (3) altornative systems have unique capabilities.
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Table S-2

SUMMARY OF THE RESULTS
OF FUNCTIONAL CAPABILITIES COMPARISON

]
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The comparative analysis of the functional capabilities of MAN-IN-
THE-SEA systems versus the alternatives, based on the foregoing criteria,

indicated that the unshielded man is unique only in the following sense:

1, He offers a significant advantage in maneuverability
because of his compactness, agility, and physical
flexibility.

2. He offers a significant advantage in manipulative

capability for tasks that require a high degree of
finger dexterity.

3. He offers extended sensory capability because of his
tactile senses. These senses enhance man's manipulative
capability, especially in extremely turbid water.

4, He offers some degree of covertness in certain opera-
tional environments,

The criteria used in making the cost comparison are the initial
systems investment cost and the operating costs of accomplishing a
specific mission or operation, e.g., small object recovery, aircraft
salvage, or undersea facilities construction. Since MAN-IN-THE-SEA
systems configurations and operational modes differ for a particular
depth regime, the cost comparisons are made in relation to four depth
bands. These bands are 0-30 ft, 30-150 ft, 150-300 ft, and 300 ft and
greater, It is recognized that the boundaries of each depth band are

not clear-cut and that there exists a certain amount of overlap.

Table S-3 summarizes the cost comparison results and indicates the
regions where: (1) MAN-IN-THE-SEA systens have a cost advantage,
(2) MAN-IN-THE-SEA systems and alternatives have comparable costs, and
(3) alternative systems have a cost advantage. The five missions/
operations selected for comparison were: (1) small object recovery,
(2) aircraft salvage, (3) ship salvage, (4) simple undersea construction,
and (5) undersea facilities construction. These missions-operations

represent a wide range of demands in the undersea task to be performed,
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e.g., from minimal manipulative work requirements to highly complex
manipulative work requirements. A wide range of total operational time
is also represented, e.g., from 2 days in small object recovery to
60 days in ship salvage operations., Some specific observations of the

cost comparison results are the following:

1. A dominant investment and operating cost component for
MAN-IN-THE~SEA and alternative systems is the cost of
the support platforms.

2. For operating depths up to about 150 ft MAN-IN-THE-SEA
systems always have an investment and operating cost
advantage over the alternative systems.

3. The investment cost advantage of alternatives to MAN-
IN-THE-SEA in the depth region between 150-30Q ft is
achieved by the use of the articulated diving dress.
Since 300 £t is technically a maximum projected depth
capability for the diving dress, MAN-IN-THE-SEA may
also have cost advantage in the 150- 300-fi depth region
if the diving dress cannot achieve the projected depth.

4, MAN-IN-THE-SEA systems investment costs for depth region
beyond 300 ft are comparable to the alternative systems
costs.

5. MAN-IN-THE-SEA systems have an operating cost advantage
over the alternative systems for mission/bperationu that
require large amounts of manipulative work.

6. MAN-IN-THE-SEA systems operating costs are comparable
to the alternative systems cost where there is only a
moderate amount of manipulative work,

Mission and Operation Allocation Criteria

The two principal criteria that determine the allocation of naval
undersea missions to MAN-IN-THE-SEA systems or the alternative systems

are: (1) the mission survivability of system, and (2) the cost of the

system.

Since in the shallower depth region (0-150 ft) MAN-IN-1HE-SEA systoms

have a significant cost advantage over the alternatives, the allocation

§-10
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of missions to systems other than MAN-IN-THE-SEA systems must consider
the advantage of achieving survivability through hardened systems rather

than through covert operations.

In the depth regions beyond 150 ft, where MAN-IN~THE-SEA systems
costs are comparable to the alternatives, the choice is less difficult

since the use of hardened systems need not be bought at increased costs.

The role of MAN-IN-THE-SEA systems in satisfying naval undersea
missions and operations based upon the consideration of the systems
mission survivability through the use of covert or hardened system

operations is summarized in Table S-4,

As shown in Table S-4, Condition I identifies those undersea missions
and operations that MAN-IN~-THE-SEA systems can best satisfy if surviva-

bility is to be achieved through covert operation.

Condition II identifies those uniderseas missions and operations that
MAN-IN-THE-SEA systems can best satisfy if survivability is to be achieved

through hardened systems.

Condition II' extends Condition II where consideration is given to
the design of undersea facilities to minimize the constraints imposed by
the limitations of mechanical manipulators. This consideration is in-
cluded to demonstrate the difference between the accomplishment of an
operation that is under the control of the designer and one that is not.
For example, ship salvage operation is a nondesignable job that requires
the full flexibility of man to handle, whereas, undersea structures can

be designed to eliminate the need for MAN-IN-THE-SEA systems,

S§-11




Table S-4

SUMMARY OF THE ROLE OF MAN-IN-THE-SEA SYSTEMS

Migslon Condition I

Condition 11

Condition II'

Conditions o
Functional Mission Emphasis

Operations on the Use of
Covert Operations

Surveillance

® Landing beach area

® Enemy harbor
®U.S. harbor protection
® Inshore USW
@ USW a)l ranges and depths
Reco:inaissance
® Beach areas
® Enemy harbor
@ Mining environment
Mining
® Mine hunting and countermeasures
® Mine plants
® Disarm mine
® Interrogate aine fields
Navigation Surveys
Recovery
® Smal) object
Torpedoes
Nuclear weapon
Space hardware
® Large object
Facility Instaliations
® Sonar array (align and repair)
® Bottom mounted ULM
® Navigation markers
® Cable laying and inipection
® General construction
® Foundation and bottom
Salvage
® Ship
® Alrcraft
Repairs
@®1n port (wet dock)
O Underway
Support
® Oceanographic data

® Sub rescue personnel
® Undersater logistics

® Nabitat Development

-W-IN-TNI-SL\ functional application arca

Mission Emphasis
on the Use of
Hardened Systems

Anc the *dvanced
Design of Underseas
Structures

.




CONCLUSIONS

The study results presented in the preceding section demonstrate
that MAN-IN-THE-SEA systems have a definite role in the conduct of future
naval undersea missions and operations. The advantages of MAN-IN-THE-
SEA systems in the depth region of 0-150 ft is quite clear. This con~
clusion can be accepted with reasonable confidence even though the study
relied heavily upon subjective estimates of systems' functional capabil-

ities and gross eutimates of systems' costs.

The advantages of MAN~IN-THE-SEA systems in the depth region beyond
150 ft is not as clear-cut. The analysis has shown, in ;. 'neral, a com-
parable cost for MAN-IN-THE-SEA systems versus the alternatives. However,
this result is highly sensitive to the accuracy of the estimates of the
functional capabilities of MAN--IN-THE-SEA systems and alternatives. The
subjective estimates of the functional capabilities of undersea work sys-
tems, necessitated by thelack of quantitative measurements, makes the
comparison results less reliable. While MAN-IN-THE-SEA systems show
slight advantage over alternative systems in this present analysis, there
is a good chance that future developments of alternatives to MAN-IN-THE-
SEA systems may reverse this. The above conclusion was arrived at through
two basic observations:
1, The unique capabilities of MAN-IN-THE~-SEA systems,
maneuverability, tactile sensing, and manipulative
capabilities are being erroded by undersea vehicle

technology developments in the form of advanced sensor,
control, and mechanical manipulator systems

§-13




2. Undersea systems that can be designed (e.g., surveil-
lance devices, missile sites, facilities) are being
configured to minimize the need for complex manipula-
tive work. In certain cases major effort has been de-
voted to design undersea systems that match the limited
capabilities of current manipulator equipped vehicles.
It is essential, therefore, that the contributions of MAN-IN-THE-
SEA systems versus alternative systems in the conduct of naval undersea
missions and operations be continually reassessed in light of the ad-
vancing technological developments. A critical facet of this reassess-
ment is the determination of quantitative measures of the functional
capabilities of MAN-IN-THE-SEA systems versus the alternatives. In terms
of the performance criteria developed in this study the'manipulattve
capability of MAN-IN-THE-SEA systems compared with alternative systems
is one of the most important measures that need to be quantified. De-
tailed descriptions of other performance measures are presentad in Sec-

tion V of thir reporc.
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I INTRODUCTION

This report consolidates the results of a two-phase research effort
that examines the potential contributions of MAN-IN-THE-SEA systems to

the accomplishment of naval missions.

The two-phase study approach that was adopted is outlined in Fig. I-1.
The essential tasks were to: (1) identify Navy mission areas, related
functions and tasks, and required mission-performance capabilities;
(2) define the performance capabilities of MAN-IN-THE-SEA systems and
alternatives to MAN-IN-THE-SEA systems; (3) conduct a comparative analysis
of the functional capabilities of MAN-IN-THE-SEA systems versus the
alternatives; and (4) conduct a comparative analysis of the costs of

MAN-IN-THE-SEA systems versus *he alternatives.

The substance of the study approach lies in Tasks 3 and 4, viz.,
the comparative analysis of MAN-IN-THE-SEA systems versus the alternatives.
The major difficulty in establishing valid missions requiring the use of
MAN-IN-THE-SEA concepts is that there may be other means that could
achieve the same missions. These alternatives might be tethered remote
controlled vehicles equipped with acoustic and visual sensors and manip-
ulators, or manned manipulator equipped free swimming vehicles. The major
advantage of these alternatives is that man is not directly exposed to
the extremely hostile ambient underwater environment. The objectives of
the study's first phase were to identify those underwanter tasks that
require the capabilities of a man working in direct contact with hi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>